Material selection is an important task for dental healthcare. A teeth can be filled with several filling materials such as a silver amalgam (mixed with silver, tin, zinc, and copper), a plastic, a porcelain, and composites. Choosing the best filling material is a complex process for a dentist because of human healthcare. There are many criteria for the selection process such as aesthetics, resistant, strength, rigid, long life, low cost, healthy. One of the novelty of this research that is the first research in the field of selecting dental material and another novelty that is used fuzzy axiomatic design and fuzzy DEMATEL methods together first time. First of all, the most effective criteria are determined in order to choose the best material. The weights of the criteria are determined using interaction among themselves. Interactions among criteria are found using DEMATEL method with taking into consideration of dentists' experiences on a teeth filling. Secondly, evaluating alternative materials is carried out using fuzzy axiomatic design method. The results illustrate that the proposed approach is suitable for selecting materials of a teeth filling. We believe that the approach can be applicable for other material selection problems.
Introduction
Dental filling is a restoration process for teeth damages due to a tooth decay. Dental health is directly related to healthcare, so selecting the best filling material is an important task. There are a few filling materials such as Ag-Sn (amalgam), Ni-Cr composites, Co-Cr composites, Au-Pt composites, composite resin (plastic-SiO 2 ). Primarily effective criteria should be determined in order to choose a suitable material. Long life (C1), healthy (C2), repairability (C3), strength (C4), heat resistance (C5), aesthetic (C6), formability (C7), corrosion resistance (C8), biocompatibility (C9), cost-effective (C10), easy access (C11), easy storage (C12), eco-friendly (C13), versatility (C14), rigid (C15) were considered for general filling material selecting problems. A novel approach is proposed to select a dental filling material in this study. We believe that our proposed model consists of two novelties in the literature. Our paper is first study deal with a dental filling material selection problem. The other one is that we used fuzzy axiomatic design and fuzzy DEMATEL methods together first time.
According to the literature review, 15 material selection criteria were determined to use for dental filling. Unlike other studies, the weights of these criteria were determined by considering interaction among themselves. When determining the weights of criteria, interactions of criteria were evaluated separately. The process of evaluating the criteria interactions was performed with specialist dentists in order to obtain useable criteria weights. The fuzzy decision making trial and evaluation * corresponding author; e-mail: gcandan@sakarya.edu.tr laboratory (DEMATEL) method was preferred to determine criteria weights, because of considering criteria interactions and the criteria were fuzzy. After determining the weights of selection criteria, making a selection from the alternative materials is required. The evaluation process of the alternative materials should be made as fuzzy and based on the experience by the reason of fuzzy criteria. Based on this, fuzzy axiomatic design method was preferred to making a selection from the alternative materials. Triangular fuzzy expression design patterns were prepared with the same specialist dentists.
Method and application
2.1. Determining the criteria weights by fuzzy DEMATEL method DEMATEL method is presented by Fontela and Gabus [1] which involves the complex causal relationships between criteria to create a structural model and a comprehensive method for analyzing. DEMATEL method divides the criteria into two groups particularly as a cause and an effect groups. Determining affecting or being affected criteria is an important step to solve complex problems. In our study, we calculated the importance of our decision criteria weights using the finite-difference (FD) method. The steps of the determining weights of criteria were the following:
Step 1: The triangular fuzzy numbers were determined corresponding to fuzzy expressions as in Table I .
Step 2: 88 different linguistic direct relation matrices were constituted by four dentists by considering the determined 15 criteria in our problem. One of them is shown in Table II . Then these matrices were converted to triangular fuzzy numeric form as Eq. (1) wherẽ z ij = (z ij,l z ij,m z ij,u ). 
Step 3: Linguistic direct relation matrices were arranged in direct relation matrices to express a single matrix of different linguistic expert assessment. Afterwards by taking the arithmetic mean of 88 matrices they were reduced to a single evaluation matrix.
Step 4: The direct relation matrix was normalized as Eq. (2), where Eq. (3) and Eq. (4). Obtained single evaluation matrix was arranged to normalized direct relation matrix using Eqs. (3) and (4).
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Step 6: D i and R i vectors as Eq. (6) and Eq. (7) was calculated. (D i is total row values and R i is total column values of theT matrix.
Step 7: D i and R i vectors were defuzzified using Eq. (8).
Step 8:
shows how important the criterion is (could be called prominence),
shows which criterion is cause and which one is effect (could be called relation) [2] . Also, when the value of
is negative the criterion belongs to the effect group, when is positive the criterion belongs to the cause group.
Step 9: The weights of the criteria were calculated using Eq. (9).
Step 10: The weights of the criteria were normalized using Eq. (10) [3] :
As a results of these steps, normalized weights of material selection criteria were calculated and were shown in Table III. According to Table III , the first three important criteria were determined as healthy, strength and reparability.
Selecting the best material for dental filling by fuzzy axiomatic design method
Axiomatic design (AD) was developed to design a product, a system or a process by Suh [4] . The axiomatic design method supports a designer or decision maker to provide a scientific basis for designs. One of the important notions in the axiomatic design is an information axiom. It asserts that a design is the best which has minimum information content. Information content is determined by the interaction between the design and system range. Information content of the common range is calculated using Eq. (11) [4] :
In our case, the problem data is not certain and it is fuzzy, therefore fuzzy axiomatic design (FAD) method can be used. FAD method allows defining the problem data as a linguistic type. Defined linguistic data are converted into real numbers using a designed triangular fuzzy expression graph. There is not any rule or approach to determine a triangular fuzzy expression graph in the literature. Generally, the graphs are determined according to an expert opinion. We determined a graph with the experts for the digitization of the structure of linguistic variables' membership functions. The determined common triangular fuzzy expression design by four specialist dentists considering C1 (long life) is shown in Fig. 1 . The five alternative filling materials were evaluated considering all criteria separately. Total information contents were calculated according to obtained evaluation data for each alternative material using Eq. (11). Calculated total and weighted total information contents of the five alternative materials are shown in Table IV . According to the results, material Ag-Sn should be preferred for dental filling.
Conclusion
Selecting the best material for dental filling is a difficult process that involves a high level experience. In this study a novel approach was used to select best dental filling material using fuzzy axiomatic design and fuzzy DEMATEL methods. According to dentists' experiences 15 different criteria were determined for 5 different dental filling materials. As a result of the study C2 (healthy) was the most important criterion and Ag-Sn is the best material for dental filling. We applied the novel approach on selection dental filling materials. We believe that the proposed approach can be applicable for other material selection problems as well.
